Meniere's disease is typically characterized by the classic symptomatological triad consisting of vertigo associated with nausea and vomiting, fluctuating but progressive hearing loss, and tinnitus. Aural fullness is also a frequent symptom. The main pathophysiological substrate of Meniere's disease is certainly endolymphatic hydrops, the etiology of which is probably multifactorial, but still not completely understood. Poor knowledge of the causes of Meniere's disease has given rise to a number of medical and surgical treatments that almost invariably treat symptoms.
Vestibular neurectomy (VN) is to date the surgical treatment of choice in Meniere's disease, with success rates for vertigo ranging from 85 to 100%. [1] [2] [3] [4] [5] [6] [7] [8] Postoperative auditory results, however, are somewhat unpredictable. Improvement in hearing, tinnitus, and aural fullness have been reported by some authors, without any convincing explanation regarding the causes of this phenomenon.
Microvascular decompression (MVD) of cranial nerve VIII in Meniere's disease and disabling positional vertigo was proposed by McCabe and Harker9 and by M0ller, 10 based on the frequent presence of a vascular loop in contact with the VIIth nerve in these patients. We have personally observed and reported contact between the anterior or posterior inferior cerebellar arteries (AICA, PICA) and the VIIIth nerve in seven consecutive VNs performed in subjects with Meniere's disease."I The ultrastructural evaluation of the removed portion of the vestibular nerve always showed severe alterations in the central portion of the nerve (ie, degeneration of the axons with altered myelin sheaths, proliferation of the astrocyte processes, and numerous spherical bodies), which were probably the consequence of the vascular cross-compression.
In the series reported on by McCabe and Harker9 and M0ller'0 vertigo improved in 72 to 100% of subjects with Meniere's disease who had undergone MVD. Improvement in hearing was found in 0 to 22%.
The findings in the literature and our own personal data prompted us to perform an accurate exploration of the cerebellopontine angle (CPA) in each subject with Me-SKULL BASE SURGERYNOLUME 4, NUMBER 2 APRIL 1994 niere's disease and undergoing VN using the retrosigmoid approach. The purpose of the present study was to verify whether VN combined with MVD of the cochlear nerve yields better auditory results than VN alone. The SISI test, Bekesy audiometry, and the stapedius reflex indicated the presence ofcochlear involvement in all patients. Peristimulatory adaptation (STAT and reflex decay test) was absent in all subjects. However, the acoustic reflex was elicited from the affected ear at thresholds greater than 95 dB in nine subjects. Poor growth function was observed in an additional six patients. Transtympanic ECoG was performed in eight subjects in the VN group and in 10 in the VN-MVD group, using alternating polarity clicks. An abnormal SP/AP ratio (ie, greater than 0.45) was observed in four and six subjects, respectively.
MATERIALS AND METHODS

Subjects
ABRs displayed latency values that were within the tolerance limits (mean ± 2.5 SD) of our normal population in 17 subjects, that is, 2.3 msec for the I-III interpeak latency, 2.0 msec for the Ill-V interpeak latency, and 0.2 msec for the I-III interaural interval. Minor signs of retrocochlear involvement, such as a wave II of low amplitude or absent or a slight increase in I-III interpeak latency or interaural interval (not greater than 0.2 msec compared to tolerance limits), were seen in seven subjects in the VN group and in six subjects in the VN-MVD group.
The frequency of vertigo, evaluated over the 6-month period prior to surgery, ranged from one episode a month to two a week: duration of crises ranged from 30 minutes to 4 hours.
A decrease in vestibular responsiveness, as evaluated by the Veits method (10 ml of 20°C water irrigated for 10 seconds), consistently indicated unilateral impairment of vestibular function.
Gadolinium-enhanced magnetic resonance imaging (MRI) with angiography revealed the presence of a vascular contact with the cochleovestibular nerve in the CPA in 18 subjects (60%). The dominant vessel was either the AICA, the PICA, or branches ofthese. No vascular contact with the contralateral VIIlth nerve was revealed with MRI.
Medical treatment (diuretics, low-sodium diets, antihistamine derivatives, vasodilators) had failed to limit vertigo and tinnitus in all cases, with the result that the working and social activities of all subjects were severely disturbed.
Su rgery
The patients were operated on by the first author (V.C.) using a retrosigmoid approach. Briefly, subjects lay in the supine position with the head rotated contralaterally to the operated ear. After performing a roughly 8 cm long linear incision (3 cm behind the retroauricular sulcus), a retrosignoid craniectomy with a diameter of 4 cm was carried out. Its anterior and rostral limits were the sigmoid and transverse sinuses, respectively. Bone wax was utilized to obliterate mastoid cells, which were opened in pneumatized mastoids. The dura was opened in a "Y" fashion. The cerebellum was gently depressed, utilizing a self-retaining retractor that was secured to the operating TREATMENT OF MENIERE'S DISEASE-COLLETTI ET AL table. Cerebellar retraction and CPA exposure were facilitated by cerebrospinal fluid (CSF) egress. Sharp dissection of the arachnoid permitted access to the VIlIth nerve. The vascular compression identified intraoperatively was often characterized by a vascular loop in contact with the vestibular-cochlear bundle. A number of vessels impinged on the nerve, whereas some passed between the VIIth and VIlIth cranial nerves. Vessels were often located under the flocculus, which had to be dissected from the VlIIth nerve in order to move the compressing vessel off the nerve. In most cases, the offending vessels were arteries, but veins were found compressing the nerve in six patients. Multiple vessels were often found compressing the intracranial portion of the VIlIth nerve. The vessels were mobilized and moved away from the nerve by blunt dissection. Thereafter, the cleavage plane between the cochlear and the vestibular nerve was identified at the distal portion of the VIlIth nerve and enlarged with a sharp instrument. The proximal end of the vestibular nerve close to the brainstem was cut and separated from the cochlear nerve in a medial to lateral fashion, up to the porus acusticus. The CPA was further explored in order to detect other vessels compressing the root entry zone of the cochlear nerve.
When complete microvascular decompression was obtained, the cochlear nerves of 15 subjects were enveloped completely or partially at the root entry zone by small pieces of autogenous muscle (Fig. 1) . The aims of this surgical step were twofold: to avoid recurrence of the neurovascular contact and to furnish a vascular supply to the cochlear nerve.
All operations were performed with the aid of direct monitoring of auditory evoked potentials. Continuous monopolar and repeated bipolar recording of cochlear nerve action potentials and ABR recordings were performed simultaneously. These techniques have been described elsewhere'3 and will not be reported here. During the postoperative observation period, no definite vertigo (ie, rotatory vertigo with nausea or vomiting, or both) was observed in any of these patients. Thus, the numerical vertigo score was zero in all subjects in both groups, indicating complete control of definite vertigo (Tables 1 and 2 ). Slight unsteadiness and lack of balance were always present immediately after discharge and gradually improved in the subsequent weeks. Disability, evaluated according to the AAO criteria,12 was severe in all subjects before surgery. It improved in all patients, although a mild disability persisted in two patients in each group and a moderate disability in two subjects undergoing MVD and VN and in one operated on by VN alone.
RESULTS
Patients were able to resume work and social activity, which had been severely impaired before surgery, within 4 weeks of discharge in 13 subjects, within 4 to 6 weeks in 10, and within 6 to 8 weeks in 7.
The ice water test (10 ml irrigated for 10 seconds), performed every 3 months, invariably demonstrated absence of the response in the treated ear at electronystagmography examination. Seven subjects in this group (46.7%) presented a significant increase in PTA (0.5 to 3 kHz) according to the AAO criteria (more than 10 dB), whereas in eight (53.3%) 0 dB HL this parameter remained unchanged. In addition, a slight improvement, inferior to the 10 dB required by the AAO, was detected in five subjects (Table 3) . Mean PTA (0.5 to 3 kHz) significantly improved (P <0.05) from 54.8 dB preoperatively to 46 dB postoperatively. The mean pure-tone threshold at 4 to 8 kHz also improved from 63.1 to 59.3 dB, but the difference was not significant.
The auditory results obtained in the control group (VN alone) are displayed in Figure 3 . Two patients in this group (13.3%) improved their hearing significantly (PTA, 0.5 to 3 kHz), and one presented with a significant worsening, whereas the remaining 12 were unchanged ( Table 2) . Average thresholds at 0.5 to 3 kHz and 4 to 8 kHz were unchanged postoperatively in this group (Table 4) .
Eleven subjects from each group presented with continuous tinnitus preoperatively. This symptom was unchanged in four subjects in the VN-MVD group and improved in seven. Tinnitus was worse in one subject in the VN group, unchanged in seven and improved in three. The difference was statistically significant according to the Fisher test.
Of the nine VN-MVD patients complaining of aural fullness before surgery, six (66.7%) reported postoperative improvement. An improvement was also observed in 4 of 10 patients in the VN group. No subjects complained of a worsening of this symptom.
ABR did not change significantly in the 17 patients who presented with preoperative normal findings. One of the seven patients in the VN group with preoperative abnormal ABR presented with a decrease in the 1-111 interpeak latency to normal values. This outcome was achieved in three of the six patients with abnormal ABR in the VN-MVD group; one of them also reported an increase in wave II amplitude. Surgical complications were limited to a temporary CSF leak in two subjects. 
DISCUSSION
Vascular cross-compression of cranial nerves has been accepted as a cause of trigeminal neuralgia, glossopharyngeal neuralgia, and hemifacial spasm. 14,15 More recently, it has also been shown that vertigo, hearing loss, and tinnitus can be the result of a vascular loop impinging on the VIlIth nerve9-11,16-18 and giving rise to the symptomatological complex that has been defined as the cochleovestibular nerve compression syndrome (CNCS). 19 The symptoms can occur in isolation or in various combinations and can mimic other disorders, such as Meniere's disease or acoustic tumor. VN is the surgical technique of choice in our department for disabling unilateral Meniere's disease. We perform VN by exposing the CPA using a retrosigmoid approach, a procedure that is known occasionally to present complications (such as CSF leak, posterior fossa bleeding, wound infection). Considering these potential risks, we indicate surgery only for disabling or severe forms of Meniere's disease and, in line with this reasoning, we think that it is good policy to be as radical as possible. For these reasons we will continue to perform VN for disabling Meniere's disease. We combine VN with MVD of the cochlear nerve whenever a vascular contact is found, with the aim of improving auditory symptoms. Improvement in hearing level, tinnitus, and aural fullness was 70 achieved at a significantly higher rate in these patients compared with control subjects. This confirms our belief that Meniere's disease can be sustained by a vascular cross-compression and implies that the consequent pathologic changes are, at least partly, reversible.
It is likely that short-lasting Meniere's disease due to cochleovestibular compression, in which no or only minor changes in the vestibular nerve have occurred, can be treated by MVD alone. A two-tier surgical strategy could probably be applied in the near future in disabling Meniere's syndrome associated with vascular cross-compression: (1) MVD alone, when the disease is short-lasting, or (2) VN with MVD of the cochlear nerve in long-lasting stabilized forms of the disease. This must be verified in further studies investigating the anatomic status of the vestibular nerve as a function of the duration of the disease. Unfortunately, it is not known how preoperative clinical tests can predict the extent of alterations of the vestibular nerve and their reversibility.
In conclusion, neurovascular cross-compression of the VIlIth nerve at its root entry zone is a fairly common finding in subjects with a clinical diagnosis of disabling Meniere's disease. This finding suggests the advisability of thorough exploration of the root entry zone of the VIlIth cranial nerve, which proves to be an easy task using the retrosigmoid approach. VN associated with MVD of the cochlear nerve in patients with Meniere's disease increases the success rate in terms of hearing function, tinnitus, and aural fullness.
